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Recent progress in diagnostic techniques and hemodynamic studies in congenital 
heart disease has revealed that some cardiac anomalies should be corrected even in infancy. I 
In Amagasaki Hospital during the past six years surgery was performed on 165 patients 
under the age of 12 months to correct various kinds of congenital heart disease (Table 1 ).
The technical difficulties in these small infants with complicated cardiac anomalies 
forced us to develope a technique of “profound hypothermia with surface cooling and limited 
cardiopulmonary bypass (Kyoto technique）” 1 5l. It will be outlined here only briefly 
(Table 2). 







Total I 79 20 I 
Legend: ¥'SD, ¥'entricular septa! defect. TF, Tetralogy of Fallot. TGA, 
Complete transposition of the great arteries. TA PVC, Total anomalous 
pulmonary venous connection. 
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Open heart surgery under the age of 12 months 
〔Sept.,1968 to July, 1974) 
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Table 2. Hypothermic procedures (Kyoto technique〕
I〕 Premedication Atropine sufate 0. 02mg/Kg 
Pethilorfan 1～2mg/Kg I.訂1.
2) Anaesthesia halothane (0.5～1. O~Q') 
carbon dioxide (1～3%) 
nitrous oxide co～5036'〕
oxygen 
Dialferine 0. 5mg/Kg I. V. 
3) Chlorpromazine 0. 5mg/Kg i. v. drip 
4〕 Surfacecooling 〔blanket+ ice bags 〕 22～17。C CR. T.〕
5〕 Bypasscooling down to 20～13. 5°C (average 17. 7°C) 
6) Circulatory arrest 54～95min. (average 83min. ) 
7) Bypass rewarming up to 34～35°C 
8) surface warming up to 36°C 
a posterior water blanket and anterior ice bags. Carbon dioxide ( 1 to3 per cent) is added 
to the respiratory gases during the cooling period. As no important arrhythmia has ever 
occurred during the cooling phase, surface cooling is usually continued until the rectal 
temperature reaches 17～22。C.
The heart is exposed through a sternal splitting incision, and after heparinization the 
infant is cooled to 13. 5～20 °C with partial cardiopulmonary bypass, depending on the 
anticipated duration of circulatory arrest. The intracardiac repair is carried out in a totally 
bloodless and completely relaxed heart. At the end of repair, rewarming is carried out to 
36 °C with partial cardiopulmonary bypass and surface rewarming. When the duration of 
total circulatory arrest is anticipated to exceed the permissible duration for total correction 
of complicated cardiac anomalies, intracardiac procedures can be divided into two or 
three steps. In fo・e infants with complex lesions, circulatory arrest has been interrupted 
by a second or third short period of cold perfusion to allow an extension of circulatory 
arrest beyond 90 minutes (Fig. 1 ).
In the early period, this hypothermia technique was employed for al infants under 10 kg 
of body weight who required open-heart surgery for the correction of congenital cardiac 
anomalies1,zi Thanks to the progress of total cardiopulmonary bypass technique in infants, 
we started to employ the usual type of cardiopulmonary bypass in May 1969, for patients 
weighing more than 6 kg in the correction of ventricular septal defect (VSD) and tetralogy 
of Fallot (TF), which are relatively simple procedures. In patients with the same lesions 
n’eighing less than 6 kg, the hypothermia technique3けl was employed. This hypothermia 
technique has been applied not only during the first year of life but also during the 
second year of life for the correction of complete transposition of the great arteries (TGA), 
total anomalous pulmonary venous connection (T AP¥'C) and other complicated cardiac 
anomalies. 
Among the various congenital cardiac problems of infants, this report focuses on three 
typical anomalies: ¥:SD with severe pulmonary hypertension, TF, and TGA. The operative 
results of one-stage correction during infancy are discussed and compared with those in 
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Fig. 1 Record of hypothermia m 弘 caseof complete transposition of the great arteries associated 
with a large ventricular septa! defect (11 month o!d girl weighing 6.6 kilograms) 
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Ventricular Septal Defect ( VSD1 
Patients were classified into four groups based on their preoperative hemodynamic status. 
Th巴 hospitalmortality rate of each age group is shown in Table 3. :'¥one of the patients 
had any palliative surgery prior to closure of the VSD. 
In 212 patients, when the pulmonary artery to syst巴mic artery peak systolic pressure 
ratio (Pp/Ps) was less than 0. 75, the mortality rate was 0. 9°0, and there was no significant 
difference among the age groups. When Pp 'Ps was greater than 0. 75, esp巴ciallywhen the 
pulmonary to systemic resistance ratio (Rp Rs) exceeded 0. 5, the hospital mortality rate of 
infants was 19"';. The high rate of mortality was due mostly to failure of the cardiopulmonary 
bypass or of postoperative respiratory care. Since Feb. 1971, however, with improved 
cardiopulmonary bypass and postoperative care techniques, 78 patients with severe pulmonary 
1. 
Operative results of primary closure of ventricular septa! defect 
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Table 4. Operative results of primary closure of ventricular septa! defect in patients 、>1hosePp/Ps was greater than 0. 75 (Feb目’ 1971to July, 1974) 
三日竺ウーで~J_ ~__I ~－ .~：：＿＿＿＿＿＿＿ 
I 24(1) I 25(0〕 1 29 o〕 78 c 2〕
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hypertension with Pp Ps greater than 0. 75, have been operated upon with only two deaths 
(Table 4〕．
Thus, good operative results are achieved with VSD infants, even in the presence of 
severe pulmonary hypertension, intractable congestive heart failure, marked growth retardation 
and recurrent prolonged lower respiratory infections, and one-stage operation is the first 
choice. 
2. Tetralogy of Fallot (TF〕
Patients were classified into three groups according to the ratio of the diameter of the 
pulmonary annulus to that of the aorta 〔PAAO), which is obtained from the lateral view 
of the preoperative angiocardiogram (Table 5). In group I, the ratio (PA/ AO) was 0. 5 or 
greater. In group IT, it was between 0. 3 and 0. 5, and in group II, it was less than 0. 3. 
In group I (35 patients〕therewere no deaths. In group IT, 8 out of 57 died, a 
mortality rate of 14%. In group II, we lost 10 out of 22, a mortality rate of 45%. The 
PA/ AO ratio shows a high correlation with the mortality rate. Thus, the high mortality rate of 
290' in the first year of life is explained by the fact that 6 out of the 18 patients were in 
group II, with severely hypoplastic pulmonary arteries less than one third the diameter of the 
aorta. There was no significant difference in mortality rate among the three age groups. 
The operative results of total correction of TF depend more on the development of the 
pulmonary artery than on the age and weight of the patient. 
The pulmonary valve area after operative enlargement was measured in 87 patients. 
Figure 2 shows the mortality rate of these 87 patients in relation to the degree of 
Table 5. Hospital mortality rate for total correction of Tetralogy of Fallot 
(Sept., 1968 to July, 1974) 
O～12mo. 12～24mo. 2～23 yr. Total 
PA/AO No. M.R. No. M.R. No. M.R. No. M.R. 
Group Iミ 0.5 4 c 0〕 6 c 0〕 25 c 0) 35 c 0〕
Group I 0. 3～0.5 8 (13〕 12 (17〕 37 (14) 57 (14〕
Group E 孟 0.3 6 (50) 2 〔50) 14 (43) 22 〔45〕
Total 18 (22%〕 20 (15%) 76 (14°0) 114 (16%〕
No.: Number of cases, M.R. : Mortality rate （%〕
p A ・AO = diameter of pulmonary annulus 
diameter of aorta 
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Diameter of PA (mm) ． 2.0 cm2/M2 
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Fig. 2 Results of total correction of tetralogy of Fallot, in relation to degree of operative 
enlargement of pulmonary val、earea 
Each curve, 2.0 or 1.5 cm ＞／~［ 2, shows pulmonary valve area per unit body surface area 
enlargement of the pulmonary annulus. The postoperative size of the pulmonary annulus is 
expressed in terms of pulmonary valve area per unit body surface area (PVA/BSA). The 
horizontal axis shows the BSA and the vertical axis the diameter of the pulmonary annulus. 
The two lines indicated as 2. 0 and 1. 5 cm2/M2 (pulmonary valve area per unit body surface 
area) divide the cases into three groups : group A with PVA BSA greater than 2. 0 cm2/ 
M2 ; group B, P＼’A1 BSA between 1. 5 and 2. 0 cm2 /l¥F ; and group C, PV A1 BSA less than 
1.5 cm2/M2. 
In group A, 46 out of 47 patients survived. In th巴sepatients, satisfactory hemodynamic 
results were obtained postoperatively without outflow tract prosthesis. In groups B and C, 
on the other hand, out of 13 patients with a BSA of more than 0. 6 l'vl2 (over 4 or 5 years 
of age), 12 surviγed, whil巴 outof 26 patients with a BSA of less than 0. 6 M2 (under 3 or 
4 years of ag巴）， we lost 46% of the cases. 
This fact cl巴arlydemonstrates that the pulmonary valve area should be enlarged at 
least up to 2. 0 cm2, l¥F in patients under 3 or 4 years of age. It may also be said that in 
the older age group enlargement of the outflow tract has litle effect on the prognosis, and 
that in the younger age group more extensive correction of the stenosis is required and 
there is more need for outflow tract prosthesis. 
3. Complete Transposition of the Great Arteries (TGA) 
Complete transposition of the great arteries is one of the major causes of high morbidity 
during early infancy. As shown in Figur巴 3, in Japan the number of operative cases 
during the first year is stil limited and the results are not satisfactory. Recent improvements 
of diagnostic technique are beginning to allow more cases of TG A to r巴achthe hands of 
surgeons. Complete transposition of the great arteries is classified into four groups according 
to Mustard’s classification61. In group I, the ventricular septum is intact and slight left 
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No. of cases 
＠ <6wk. 6wk.-3mo. 3mo.-6mo. 6mo.-lyr. 
" M。，tality 。 8 10 29 
c。recl11e ⑧ ⑧ 鯵Surgery 
87.5% 70% 
65.5% 
18 ’5 23 込JPaliative ＠ ＠ 鯵Surgery 50% 73.3% 82.6% 
。ザ
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.June 1973 
Fig. 3 Surgery for complete transposition of the great arteries in the first year of life in Japan 
(from 32 main cardiac centers in Japan in June, 1973 studied bぅ Dr.Atsushi Tanaka. 
Department of Pediatric Surgery, Juntendo University, School of Medicine) 
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γentricular outflow obstruction or a small VSD may exist. In group I, there is a large 
VSD. In group il, VSD and left ventricular outflow obstruction are present. In group 
IV, the ventricular septum is intact and there is left ventricular outflow obstruction. 
In al groups balloon atrial septostomy is performed as soon as the diagnosis is 
established. In group I, when the atrial septostomy is not effective, atrial baffle repair is 
usually performed early. In group I, since severe pulmonary vascular obstructive disease 
often develops early, we perform closure of the VSD and atrial baffle repair as soon as 
possible in one stage without banding the pulmonary artery. In group il and IV, infants 
ordinarily survive the first two years of life, and if left ventricular outflow obstruction is 
severe, the systemic-pulmonary arterial anastomosis (i.e. Waterston or Blalock-Taussig shunt) 
is a very effective means of palliation in infancy. 
Total correction was performed in a total of 24 patients. 羽Telost 7 out of 12 patients 
under the age of 12 months, as shown in Figure 4. These deaths were stil related to 
avoidable errors in management : late discovery of tamponade, hemolysis, digitalis intoxication 
and surgical errors. Since 1972, however, improved operative techniques, and pre-and 
postoperative care have reduced the mortality rate to 36.06 in group I, that is four deaths 
in 1 patients (Table 6〕.This result is almost the same as that of Champsaur in Toronto7>, 
Danielson in Rochesters>, Venugopal in Birmingham9> and Barratt-Boyes in Auckland10>. They 
reported 45%, 55%, 30%, and 56% mortality rates, respectively. The causes of these four 
deaths were analysed, and severe pulmonary obstructive disease ¥YaS noted in three cases 
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§- years 凡川市町 hospital hospital of 
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Fig. 4 :¥Justard operation for complete transposition of the great artenes 
C¥Iarch, 1970 to July, 1974). Open circle=sur、ival,Solid circle=death 
Table 6. :¥Justard operation for complete transposition of the great arteries associated 
with ventricular septa! defect (:¥larch, 1970 to July, 1974〕
~'larc h. 1970～1971 1972～ Total 
Age 
cases died cases died cases died 
一 ・ーー< 1 Year 4 3 2 1 6 4 
と 1Year 2 9 3 11 4 
Total 6 4 11 4 17 8 (67?(;) (36,0，ぷ） (47%) 
in which pulmonary arteriolar resistance was over 2500 dynes sec cm-5. In retrospect it is 
considered that surgery was not indicated in these three cases. The fourth patient died of 
digitalis intoxication in the early postoperative period, an avoidable error. 
In group I of TGA, determination of the indications for total repair has been 
considered to be difficult because of the complex nature of the intracardiac shunts and the 
difficulty of evaluating the pulmonary circulation. 
As the systemic and pulmonary circuits are parallel in complete transposition of the 
great arteries, flow and resistance levels in the two circuits may vary independently (Fig. 5)1'. 
Therefore, the flow and resistance ratios between the two circuits, Qp/Qs or Rp/Rs, are 
often misleading in the evaluation of the pulmonary circulation in TGA. To assess accurately 
the status of the pulmonary vascular bed, the pulmonary circuit must be considered alone. 
Decreasing total pulmonary blood flow, secondary to increasing pulmonary vascular disease, 
results in decreas巴d intercirculatory mixing, and a decrease in systemic arterial oxygen 
saturation. This decrease in saturation is partially compensated for by an increase in 
hemoglobin concentration. 
From this point of view in about 10 of our 17 patients in group I, pulmonary 
arteriolar resistance was calculated and precise studies were done to correlate pulmonary 
arteriolar resistance CP AR) with operative results, age at operation, effective pulmonary 
flow index (QEI) and systemic arterial oxygen saturation index (SAI). 





Fig. 5孟Schematicrepresentation of circulation in complete transposition of the great arteries 
(From '¥lair et aJ.lll) 
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Fig. 6 Relation of pulmonary artenolar resistance to age at time of total repair and operative results 
in complete transposition of the great arteries associated with、entricularseptal defect 
Age at 
Table 8. Formulas for the calculation of pulmonary flow, effective 
pulmonary flow and effecti＇’e pulmonary flow index 
Pulmonary flow = 02 consumption/ 
(pulmonary venous 02 content - pulmonary artery 02 content〕
Effective pulmonary flow 〔QE)= 02 consumption 
(pulmonary venous 02 content - systemic mixed venous 02 content) 
Effective pulmonary flow index (QEI) = 
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Fig. 7 Relation of pulmonary arteriolar resistance to effective pulmonary flow index and operative 
results in complete transposition of the great arteries associated with ventricular septa! defect 
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Fig. 8 Relation of systemic arterial oxygen saturation to effective pulmonary flow index and 
operative results in complete transposition of the great arteries associated with 
















Figure 6 shows the relation of PAR to age at operation and operative results. ト；o
patient ¥・ith a PAR over 2500 dynes sec cm 5 survived the operation. 人tau topsy, al these 
patients had changes of grade 4 or more according to the Heath-Edwards classification12' in the 
pulmonary arterioles. It is quite interesting that there are babies who had a PAR over 
4000 dynes sec cm-5 at the age of three months or younger, while there are lucky patients 
who had a PAR under 2500 dynes sec cm-5 even at the age of 7 or 8 years. 
The term ・・effective pulmonary flow ” means the flow necessary to take up metabolic 
oxygen requirements if systemic mixed venous blood alone ¥Vere perfusing the lungs. In 
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Fig. 9 Relation of systemic arterial oxygen saturation index to pulmonary arteriolar resistance 
and operative results in complete transposition of the great arteries associated with 
ventricular septal defect. 冊Thispatient had pulmonary artery banding prior to correc-
tive surgery. SAI, systemic arterial oxygen saturation index. Sa02, systemic arterial 
oxygen saturation (per cent). Hb, hemoglobin (gram per lOOml). Open circle=survival. 
Solid circleニdeath.
the calculation of pulmonary flow, effective pulmonary flow, and effective pulmonary flow 
index, the formulas in Table 8 were used. 
The relation of PAR to QEI is shown in Figure 7. Effective pulmonary flow index was 
significantly related to PAR except in one case which had banding of the pulmonary artery 
prior to total repair. All four patients who had QEI of 1. 2 L/min/M2 or greater were 
successfully operated upon except one patient who died of digitalis intoxication postoperatively. 
As mentioned above, decrease in effective pulmonary flow (i.e. decrease in intercirculatory 
mixing), results in a decrease in systemic arterial oxygen saturation. Figure 8 shows that in 
our patients with TGA and large VSD, effective pulmonary flow index was also significantly 
related to systemic oxygen saturation. When QEI was greater than 1. 2 L/min/M2 or systemic 
arterial oxygen saturation was greater than 55%, al patients survived except for three who 
died of avoidable causes : hemorrhagic tendency, surgical error and digitalis intoxication. 
The relationship between pulmonary arteriolar resistance (PAR) and systemic arterial 
saturation index (SAI) is shown in Figure 9. This systemic arterial saturation index was 
obtained by dividing the systemic arterial saturation by the hemoglobin concentration. The 
three patients whose SAI was less than 2. 5 did not survive operation. On the other hand, 
we lost only two patients out of seven whose SAI was greater than 2. 5. One patient had 
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anemia, which caused a falsely high systemic oxygen saturation index ; the other died of 
digitalis intoxication. Therefore, we suppose that al patients with SAI of 2. 5 or greater can 
survive total repair. 
As already mentioned, pulmonary arteriolar resistance showed a high correlation with 
QEI and SAL With these indexes, we can now follow the babies and determine the 
indications and optimum time for total repair of TGA with large VSD. That is, if the 
systemic art巴rialsaturation index is stable or increases, a decrease in total pulmonary blood 
flow secondary to increasing pulmonary vascular disease or pulmonary stenosis is extremely 
unlikely and recatheterization can be avoided. 
In summary, for TGA associated with large ¥"SD and sever巴 pulmonaryhypertension, 
total repair should be performed when the QEI is greater than 1. 2 L/min/M2, or the SAI 
is gr巴aterthan 2. 5. 
One-stage corrections of VSD, TF and TGA in infancy have been discuss巴d. It is 
believed that the operative results of complicated cardiac anomalies by one stage correction 
will be greatly improved with the application of profound hypothermia (Kyoto technique), 
and improved postoperative management. 
Considering the natural course of the disease and also the results of two stage operation, 
we should work for the further development of the one stage operation in infancy for these 
anomalies. 
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以上 VSD,TF, TGA について乳児期における一期
的根治手術の手術適応，手術成績について報告した．
